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ABSTRACT

The increased use of Computer-Aided Design tools in the
area of Naval ship design has generated a need for ship design
engineers who are thoroughly familiar with the capabilities,
limitations and operation of these tools. As a major source of
these design engineers, the need for such a Computer-Aided
Design (CAD) facility at the Massachusetts Institute of
Technology is established. The current Naval ship design
process is discussed and the place of the CAD system is
established within this process.

Current CAD facilities and capabilities of the Naval Sea
Systems Command and the Massachusetts Institute of Technoloay
are investigated and system limitations are discussed.

limitations while providing an educational tool are developed.

A prototype CAD system possessing many of these +eatures is
developed with guidance provided for future enhancement of this
system.
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1. INTRODUCTION

1.1 Background

Traditionally, the ship design process has begun with an

idea for what a ship should do or a 'mission statement'. Using

designer's knowledge and experience, tentative designs were

chosen for close evaluation and testing. As the evaluation

process progressed, the design was 'firmed up' through

progressive stages until a final design was selected.

This systematic narrowing of possibilities was achieved

by conducting time consuming and expensive numerical

calculations and model construction which guided the designers

in -he proper direction. Because of the time and expense

involved in a single concept evaluation, the designers have

been severely restricted in the number of design possibilities

which could be evaluated. Many potentially promising designs

had to be discarded because they involved radical departures

frcr traditicnal thinling or because the potential for

acceptable results could not justify the expense of thorough

investigation.

In recent years, however, the ease of access to

computers has made the design sequence a more thorough and

efficient process. Computer hardware and application routines

are now readily available which will allow designers to

investigate and analyze a design to a degree previously unheard

of.

At the beginning of the computer age, most people were



impressed by the tremendous potential for computers to take

over the laborious calculations normally associated with the

design of A ship. Some felt that the computer would be able to

take over the design process, and starting from a small set of

mission reuirements. would be able to produce a complete ship

design without. or at least with minimal, human intervention.

Of course, this has not come about nor will it in the near

future. The ship design process is too complicated. The

intuition .-nd ex:perience of a good designer are qualities that

cannot yet ;e programmed into even the most capable computer.

Comitters do, however, have a place in ship design. The

main advapt ,*qes of using a coinputer are its speed and

flexibility 5ecause these capabilities allow us to investigate

a large number of design alternatives and to choose the best

from among :.hem, i.e., to optimize. The design art has reached

the stage vaore radical ond tunorthodox concepts can be

investiq-d, thoroughly to determine the feasibilitv of a given

design wi*r iativeiy iittle cost in time and money. The

United States Navy through its Naval Sea Systems Command

(NAVSEA) as well as many civilian institutions have instituted

programs to standardize and streamline their design efforts.

This will require that future ship designers be thoroughly

familiar with the capabilities, limitations and procedures for

ship design using these new design tools.

The world of ship design is an ever developing and

expanding world. The ships that will be needed in the future
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will be more complex and more sophisticated than could have

even been imagined just a few short years ago. Much of this

complexity arises from the need for these ships to perform a

variety of missions. The ever escalating costs associated with

design, building, operation and maintenance of our ships makes

the need for div+.rsity in their mission capabilities more

imperative thain ,ver. In order for these ships to fulfill the

necessary mission areas, they must be designed to be the best

that they can be. The very best design must be developed to

meet a given set ot mission requirements. No lonner is the

best of three or rur alternatives to a given design detail

good enough. We ,rust have the capability to evaluate hundreds

of design option.- .o that we ire con+ident that the best has

been selected.

The procesc of ship design is an iterative process.

Given a set of ir.:tial requirements, the designer proceeds

through this iturtilVe cycle until the 'best' solution is

found. But whit n.;ppons when -% -equirement is changed late in

the design evolutin? In some cases a complete reevaluation

and redesign must be performed, again looking not just at a few

options but looking at as many options as are needed to insure

the best design. These requirements can of course be met by

doing the design and evaluation by hand. But doing so would

require years of effort by scores of naval architects to

accomplish. Fiscal funding and time required to support the

fleet of the future will not allow this expense in time and

money.
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A well equipped and current computer aided ship design

facility is the only realistic solution to these problems.

This facility would allow the necessary investigation of

unorthodox solutions which, otherwise, could be investigated

only superficially, if at all. By drawing upon the results of

past designs. the naval architect would be able to quickly

evaluate variations and modifications to these designs but

would not limit him to doing only this, as has been the case in

the past. The designer would be able to branch out and to look

at possibilities that. until recently. could only be dreamed

about.

This author believes that these arguments ma .'e the need

for some type of computer aided ut-up design facility in

industry quite evident. But why is such a capability as this

needed at an academic institution? Briefly, for experience and

appreciation of technology for new direction. In oraer for a

new naval architect to perform satisfactorily in industry, he

must be efficient in his work. But efficiency can be achieved

onl y 4 hrough education and experience. Just as he must have

experience in calculating intact stability and floodable

length, so must he also be experienced in using the computer

aided design tools that he will be expected to interface with

on the job. This type of experience must be gained while still

in the academic environment. For this reason, if for no other,

any academic institution awarding degrees in Naval Architecture

must provide the means by which students can gai n experience

~z-7 U



with and an appreciation for the utility of these essential

tools.

Currently the facilities for instructing these future

ship designers at The Massachusetts Institute of Technology

(MIT) are severely limited. The instructional facilities are

composed of a collection of disjointed application routines on

different computers which cannot communicate between

themselves. These application routines, while very capable in

their own right, lack the qualities which would make them more

usable in the academic environment. These qualities include

thorough documentation, both substantive derivations and

descriptive user's guides, user friendliness and input/output

compatibility with other routines.

I.- Thesis Content

This thesis proposes to provide a guideline by which the

computer aided ship design facilitv at MIT can be made more

usable both as an instructional tool and as a research tool.

These guidelines will include recommendations for hardware

selection, directions for modification and development of

application routines as well as recommendations for methods of

keeping this design capability current and compatible with the

ship design and shipbuilding industry.

Chapter two will briefly discuss the ship design process

in its traditional form. This will cover the different stages

of the ship design process from feasibility studies through

detailed design. Chapter three will discuss the capabilities

-6 W)



of currently existing ship design CAD systems at MIT and in

industry. Chapter four will provide guidelines for the

creation of a usable ship design CAD facility at MIT. Included

are discussions of the major factors concerning the design of

this CAD capability. Chapter five discu~sses a prototype of a

ship design CAD facility developed by this author which

incorporates many of the guidelines discussed in chapter four.

It is hoped that the concepts discussed and the

guidelines presented in this thesis will provide guidance for

further development and implementation ,7f a ship design CAD

facility at MIT which will be useful in the preparation o+

future ship designers to meet the demanus of the future.

LL*



2. THE DESIGN PROCESS

2.1 Background

The design of a ship is an iterativr, process. By

this, it is meant that the design of a ship is not one which

can be started at one point and worked thrc,-iin to a final

result. Initial requirements are specified wnich generate

early approximations of ship's characteristico. These

characteristics are evaluated and corrected 'o provide mor-

detailed characteristics. rhese are then -3mrared with

original requirements. A more correct net ,, gross

char-Actristics are thus generated which lei: -h-e de- i-Fer

through a new cycle of the design. Thus, thie early

appro- imations are repeatedly corrected and -panded d'e tL

feedbac from previous steps. Ship desioner; oeak o0 A

"desiqn spiral" when describing this prncess 0;t rcorcive

converence to a final confioUratien.

Design Phases

The ship design process traditionally encompasses five

phases of design development. These phases are:

1 - Conceptual design

2 - Feasibility studies

3 - Preliminary design

4 - Contract design

4 - Detail design
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During each successive phase, the definition of the ship

is refined as more detail is added. Each of these design

phases are briefly described in the following sections.[1]

Frequently, the functions of the conceptual design phase and

the feasibility design phase overlap, but they are presented

separately here for clarity.

2.2.1 Conceptual Design Phase

The Conceptual Design phase is the first phase in the

design of a new ship type. The objectives of this phase are as

follows:

1. To create and assess new whole ship concepts.

2. To identify and prioritize technology "gap-" and
research and development shortfalls.

T. To sLIpport the development of a new concept or
technoloqy.

4. To investigate "proof of concept" through feasi-
bility demonstration.

'he Conceptual Design phase is primarily concerned with

far-term programs independent of planned ship acquisition and.

therefore, is often characterized by innovation and high ris[.

The products of this phase are normally similar to the

Feasibility Design phase defined in the next section. The

level of detail is limited to the minimum needed to define the

concept or proof of concept, although particular aspects, such

as innovative subsystem or innovative combinations of existing

subsystems, may require more detail. The products may also

include tradeoff study reports and risk assessments for

I a



developmental subsystems and components.

2.2.2 Feasibility Studies

The objectives of the Feasibility Study phase of ship

development are as follows:

1. To define a set of feasible alternative whole ship

solutions to a set of operational requirements.

2. To structure the studies to aid a ship acquisition

decision maker to select a preferred balance

between capability, cost, and risk.

3. To define each alternative suffLiciently for prepar-

ation of a reasonable cost estimate.

4. To identify the major technical risk associated

with each aiternAtive.

jer'r~i :y Fea,'biltv tudies are conducted to support

selection ot a ship concept in a contemplated or planned ship

accui i tion e++ort. They are normally based on a stated.

though -ometifnes broadly stated, ship mission. These ship

misions are fnormallv stated usinq a docu.ment entitled Naval

W.ar+tire Mi inn Arpas and P-roired Operationai Capabilitv, also

Inown as OPNAV Inst. Z10 5.2E. This document designates Naval

Warfare Mission Areas which are divided into two categories:

(1) Fundamental mission areas and (2) Supporting mission areas.

These are listed below.

Fundamental Mission Areas
Anti-air warfare

Anti-submarine warfare
Anti-surface ship warfare

Strike warfare

Amphibious warfare

Mine warfare

1;



Supporting Mission Areas
Mobility
Command and control and communications
Intell1igence
Electronics Warfare
Log isti1cs
Fleet support operations
ConSt ruLCt Ion
Noncombat operations

Each ship type must have varying degrees of capability

for the performance of each of these fundamental and supporting

mission areas. These mission capabilities define the ship

mi ssi on.

The studies are usually done in the context of a desired

schedule for design and construction and are conducted within

the contex~t of a recognized ship type. Thus. feasibility

stUdies are generally more constrained with respect to program

considerations and ship concept than are conceptual designs.

A partial listing of the products of the Feasibility

Decsign phase are listed below.

1. Payload definition (e.g.. weapons, troops. etc.).

2Combat system description.

3. Survivability features description.

4. Description of other mission-critical subsystems.

5. Principal hull dimensions and form coefficients.

6. Full load and light ship weight estimates at the
one-digit level.

7. Intact stability check.

B. Area/volume summary.

9. Propulsion machinery type, SHP and propeller number.

10. Speed and endurance estimates.

14
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11. Installed electrical generating capacity.

12. Manning estimate.

13. General arrangements sketch.

In addition, major technical risks are identified as

well as any unique aspects that would have major impacts on the

acquisition schedule.

2.2.3 Preliminary Design

Preliminary Design is the next phase of ship design.

Its objectives include:

1. To refine the design estimates made during Feasibil-

ity Studies and to reduce or eliminate major techni-
cal and schedule risks.

2. To quantify ship performance to the fullest extent
possible.

Emphasis is placed in the Preliminary Design phase on

firmly estzablishing ship size (L. B, D, displacement), external

configuration (hull and topside), the overall allocation of

arrangement space to various functions. and major propulsion.

electrical, and mission-es-ential mechanical and combat system

elements. This is because these factors have the dominant

influence on ship cost, performance and/or risk.

The principal product of the Preliminary Design phase is

the Top Level Specification (TLS) which is a comprehensive

description of the characteristics and capabilities of the ship

at the end of preliminary design. Numerous drawings, studies,

and analyses are developed in support of the TLS preparation.

15



2.2.4 Contract Design

The major objectives of the Contract Design phase are to

establish a firm technical baseline which will:

1. Confirm to the sponsor that this, in all its detail,
is the, ship design he wants and can afford.

2. Provide a firm basis for timely and accurate ship-
builder bids for a detail design and construction
contr ,(:t.

3. Eriabi? the success+ul shipbuilder to develop the
det,l design 3nd construct and test the ship in the
most uost-effective manner while ensuring that all
requirements are met.

4. Provic- criteria for Navy aicceotance of the ship.

Three ra or activities ta .e place during the Contract

Design phase: . enginpering oeveicpment of the preliminary

design, (2) translation o the completed design into the

specifications, drawings, and other data which are the

technical port-i n of the LontracLuaI document, and (3) an

extensive revi~w tnc traisi ATicn pnase during which every

effort is made insure tht. the requirements and

specifications ru nderstood by perspective shipbuilders.

The products of the Contract Design phase include:

1. Ship Specifications

2. HVAC Design Criteria Manual

3. Contract Drawings

3. Contract Guidance Drawings

4. Contract Data Requirements List

5. Contract Design Weight Estimate

6. Master Equipment List

ltJ



7. GFE Procurement Specifications

8. GFI Requirements

9. Preliminary Ship Manning Document

10. Test and Evaluation Requirements

11. Design History

2.2.5 Detail Desion

The Detail iesign phase is the final phase of a ship

design. It includes the preparation by the shipbuilder of the

working documents u;ed to direct ship constriction. This

includes working dr .ngs and detailed -pecifications which

will be used by thp ;hipbuilder for actual construction of the

ship and must provi-,P the level n+ exactness and correctness of

detail necessary for successful construction.

17
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3. Current Design Capabilities

3.1 Background

The design capabilities and facilities of the various

institutions involved in major ship design projects varies

greatly. This is due primarily to the fact that they differ in

the areas of emphasis in their design work. For instance, the

facilities of NAVSEA differ from those at MIT since the

emphasis at MIT is on the teaching of design methodology while

NAVSEA's objective is to produce actual platform designs.

Also, NAVSEA's objectives differ from those of a subsystem

contractor since a contractcr would place more emphasis on

detailed subsystem design rather than whole-ship design. For

example, a contractor involved with designing an equipment

cooling system would be more interested in space arrangements,

obstructions, etc. and would not h concerned with shio

resistance or hullform stability. A brief overview of current

ship design capabilities at NAVSEA and at MIT follows.

3.2 NAVSEA Capabilities

Until recently, the emphasis in the computer aided

design area at NAVSEA has been in developing individual

application routines which would provide tools for calculation

and evaluation in the design process. This project generated

many fine software routines which are still in use at NAVSEA

and elsewhere today. These routines, however, appear to have

been developed in relative isolation. By this, is meant that



they seem to have been developed for use totally by themselves

without regard for possible incorporation into larger design

systems. As a result, most of these routines require their own

individualistic inputs and generate their own style of output,

neither of which is compatible with input/output requirements

of other application routines.

These routines involved most major areas of ship design

and evaluation and have been collected and cataloged under the

Navy's Computer Aided Ship Design and Construction (CASDAC)

Project. Examples of the broad realm of subject area covered

by the CASDAC library of programs are listed below.

- Hull form generation

- Hull form derivation from a parent

- Speed and power calculations

- Surface definition and fairinq

- Forces on a ship hull form

- Submarine motion simulation

- Structural analysis

- Arrangements of spaces

- Equipment arrangements

- Manpower models

- Reliability simulations

- Weight estimations

- Hydrofoil calculations

- Shafting bearing calculations

- Rudder coefficients
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- Propeller calculations

- Turbine design

- Condenser design

- Signal interference

- Magnetic field evaluations

- Ductwork calculations

As stated previously, most of the programs in the CASDAC

library will not communicate with each other. In 1976.

however, a group of NAVSEA designers initiated a project

whereby several existing routines WOuld be coupled so that they

could communicate.[2] This project, called the CASDAC Hull

Subsystem Project, had as its objectives -he maximization of

the short-term benefits from the linked-use of the existing

programs and the demonstration of the advantages of the unified

data base approach to data management. The existing routines

used in this project were:

I - The Ship Hull Form Generator 2AULGEN)

2 - The Ship Definition Program HtILDEF)

3 - The Ships Hull Characteristics Program (SHCP)

4- The MIT Motions Program (MITM)

HULGEN is used primarily during feasibility and concept

design phases to provide rapid, approximate depictions of hull

form from specific hull form parameters. These parameters are

established as input variables and the hull form is stretched

and distorted into shapes to maintain the required parameters

thus producing initial estimates from which experimental and

20



informative variations can be tried. The outputs from HULGEN

were translated via a translator routine so that they could be

used as inputs to the HULDEF routine. HULDEF took the unfaired

hullform data and manipulated it to make it architecturally fair

while maintaining the required hullform paraimeters. This

faired hullform data from HULDEF was then fvaluated by the SHCP

routine to generate hydrostatics characteristics, trim-lines,

longitudinal strength, etc., and by the MITM routine to perform

motion analysis. The results of this proje-t were very

encouraging and have helped to generate m.ruc:; enthusiasm for a

fully integrated computer aided design svFttn.

Currently, NAVSEA is involved in a inamor project whicn

has the same goals as the CASDAC Hull Subsystem Project, but on

a much larger scale. This project, entitled The Computer-

Supported Design (CSD) Program, involves the development of a

complete system built around existing app-icition ro, ittnes.1V71

Once completed, this system will insure ccrno.71bilitv amoni '11

of the CASDAC routines by providing an e:c€ ive commandi -v-trm

for controlling the system operation, a common database

management system for controlling data storage, retrieval and

transfer as well as commonality of hardware. In addition, this

project will include a stand-alone 'turn-key computer aided

design system for interactive generation and evaluation of

platform hull forms, subsystem layouts and equipment design.

This system will eventually be able to access and utilize the

data base of the larger main CAD system. Currently, a

21wd
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prototype 'turn-key' system, manufactured by Computervision,

Inc., is being evaluated by using it as a parallel development

tool in the NAVSEA DDG-51 design project. This system, with

its own data base system, allows much faster generation of

system and detail designs and has proven itself to be

invaluable, especially when minor alterations are required

since these alterations can be immediately viewed and their

consequences evaluated more quickly.

Parallel development of their own CAD system by private

contractors using compatible hardware and software is currently

underway. This will allow these private companies to

communicate with the database of the NAVSEA system, therebv

allowing designs produced by the NAVSEA system to be accessible

by detail designers outside NAVSEA. Data storage and transfer

standards have been selected by NAVSEA to insure compatibility

for data transfer between contractor and itself. These

standards include the Initial Graphics Exchange ipeciticAtion

(IGES) format for graphical data, ASCII format for text data

and the Relational Information Management (RIM) database

system, developed by Boeing Computer Services, for geometrical

data. Use of these standards will insure a more correct,

accurate and timely transfer of the design data between parties

involved, which should reduce design errors and design expense

in addition to providing a completely detailed database for

the actual construction of the ship by the selected

shipbuilder.
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3.3 MIT Capabilities

The ship design capabilities at MIT are not quite as

extensive as those at NAVSEA. however, they do suffer from many

of the same shnrtcomings found in the early NAVSEA system. A

large number '-i the application routines currently available at

MIT are the same as those developed by NAVSEA due to the

existence of -,;e Navy Postgraduate program at MIT and also due

to the large --mount of Navy sponsored research at MIT.

Three major reasons exist which have prevented these

shortcomings tf-m being corrected. First is the lack of

continuity among personnel. With the exception of civilian

faculty and it- if, personnel involved j;ith the Ocean

Engineering ec irtment'- -omru.ter aided desiqn facility rarely

remain at MIT or more than two or three years. Since the

integration An-i coordination needed to establish an integrated

ship design CAL, ,vstem is Absent. the system has remained as a

disjoint coilection of application routines which are unable to

communicate wi 'i each other. Also. due fo charfqes in personal

preferences in hardware and ooerating system which accompanies

rapid personnel turnover, these application routines have

become scattered through various computer systems on campus

thus requiring excessive computer system familiarity to allow

easy access by most students. Two independent ship design

systems have been established at MIT. The Design Executive

System (DEX) 14J[53611]73 provides detailed menu and command

driven control of ship design related application routines as

well as provisions for database management. This system,



though extremely capable, has not been incorporated for use by

MIT ship design courses. The other system, the MIT XIII-A

Computer Aided Design Lab Information Executive Manager System

[81, also provides menu and command control of several ship

design related application routines and has been used with

several courses in the past. The application routines which

receive the most use remain independent and scattered.

The second cause concerns the method in which the CAD

system is used at MIT Several courses require the use of two

or three application routines by the students but their use is

not of a continuous form. For Instance, data outputs from one

routine i usually completely ditferent from data required for

another since most projects calling ior CAD usage are not of a

follow-on 'building block' nature. Other courses which involve

the CAD system require students to dovelop or to modify an

aoplication routine but the emphasis in this case h,;s been on

translating the theory associated with an idea to comontter code

and usually falls short of requiring fhat resulting routines be

compatible with the existing CAD system. Also, largely due to

instructor preference, these routines frequently are

implemented on different computer systems thereby contributing

to the disarray of the system.

The third cause concerns the type of personnel available

to carry out a restructuring of the CAD system. The work must

be done by students. either as part of a continuing course

project or as thesis work. Due to the large realm of possible

24
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academic areas of concentration available, however, the number

of persons both interested and qualified to accomplish this

task is severely limited.



4. Guidelines for Design System Development

4.1 Background

The need for some type of consolidated computer aided

ship design system has been established. The next step is to

determine guidelines for development of an icceptable system.

Obviously, the new system cannot totally di-srogard the

facilities, both hardware and software, which are currently

available. In establishing guidelines for system development.

the following points need to be considered:

1. System usage.

2. System management.

3. System hardware.

4. Data management.

5. System software capabilities.

These points will be addressed in the ":cllowina

sections.

A.
4.2 System Usage

The computer aided design system envisioned must be

designed to be used by graduate students as well as

undergraduates as a tool in the instructional aspect of course

work. Just as performing hand calculations have conventionally

been assigned to stress methodology familiarity and concept

understanding, so will the computer aided design system be used

to enhance the attainment of these goals. This does not mean
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that students should not be required to perform hand

calculations, however. This type of hands-on instruction

certainly has its place in the instruction process, however.

when the sheer volume and complexity of calcul.tions involved

in ship and ship system design is concerned. th- goal of

concept understanding sometimes is overshadowed ny pure tedium

and exasperation. Once the goals of method +ami iarity and

concept understanding have been attained. further repetition of

hand calculations tend only to dull the student'- appetite +nr

more in-depth understanding. Conversely, the r ,pid tur-n-ar-und

time associated with CAD system calculations 1',)ws and 'v'n

coaxes the student to try different inputs 1 I -it -o see what the

results will be. This approach to the use of thrn- CAD svstem

will reduce the risk of students getting stuck with a 'black-

box' system which accepts inputs and generates L.,.puts but

requires no knowledge of calculation methndni ;-q..

By requiring hands-on familiarity with cL.-wUlation

methodology prior to system usaqe, the stucoft- .' I'etier

understand and appreciate the power of the CAD -vstem and will

be better able to evaluate system outputs and to recognize

system weaknesses and shortcomings. The system is not intended

to be used solely for course work, however. The technical

nature of most MIT thesis work and much faculty and staff

research involves investigation of 'what if' questions which is

the mainstay of the CAD system.
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4.3 System Management

Current CAD capabilities at MIT, as previously

stated, involve many independent and segregated application

routines. In order for these routines to be useful, and just

as importantly, to be used by the students, a system is

required which will bring these routines together in a

cohesive package. Most main-frame computers possess their own

operating system language, such as the Digital Control Language

(DCL) used by Digital Equipment Corporation's VAX-11/782

computer, which provides the capabilities for the development

o+ an executive control system. Such an executive control

s/stem would provide the management function required +or

system control. These management functions would include

control o input/output, control of database access,

application rojtine selection and program execution path

control.

In order for any computer system, whether it be a

buLsir- s system or a CAD system, to be used by other then

ex:perienced computer users, its control system must possess

certain inherent features. The most important of these is the

so called 'user friendliness'. This over-worked and somewhat

vague term describes the major stumbling block which, until

recently and still in some cases, has restricted the use of

most computer systems to only the experienced computer user.

Because of the generally vague nature of this term, the

features of an executive control system which make it 'user

friendly' will be described.
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The executive control system must be flexible so that

both the novice user and the experienced user can be equally

comfortable while using the system. This would be accomplished

by providing a combination of command driven and menu driven

operation. Upon initial system entry, typing a simple command

will provide an overview of the current system status and a

listing of the currently implemented application routines with

more in-depth descriptions of each routine available for the

asking. For example, to receive more information about the

SHCP routine, the user might type HELP SHCP. In addition, the

novice. unfamiliar with system commands and unsure of the types

of inp~utT teing requested by the system, could ask for help at

any time by typing "'. The system would respond by displaying

a list of the options which the user could select at this point

in program execution.

The -xper'pnced user would feel restricted with the

tedium -nvcrved with having to read excessive program and

commando oe'criptzcns and would rather Just get on with running

the program. This capability could be provided by allowing

system operation via direct commands rather than by selection

of menu options. This would greatly reduce the time required

to run a particular routine and would allow the user to

concentrate on system operation rather than on finding the

desired option from a menu of several options.

Other user friendly features should include error

trapping and error correction schemes. Most data required as

I



input to a routine is input via separate data files Which must

be identified at the initiation of the particular routine.

Additional data, especially that data which is to be varied,

should be input interactively during program execution. The

system should prompt the user for data using logical

phraseology which could be expounded upon by typing ''

Before the program actually accepts this data. however, the

user should be given the opportunity to verify its correctness.

This would reduce the possibility of having to abort a program

because of one incorrectly entered data item. One final point

involves the sometimes lengthy system pauses, which can Occur

between the display of system prompts and system responses. due

to lengthy calculations or heavy system usage. When such a

pause is anticipated, the system should inform the user that

the system is still operainq by displaying a PLEASE STAND BY

.. messaqe. This would verify that the system has not

'bombed' and could be very reassuring to the unsure user.

4.4 Ha-rdware selection

Another important feature required by the CAD system

involves its use specifically at MIT. The MIT system must

provide education and experience so that the student. upon

leaving MIT, will not be required to start totally from the

beginning with respect to learning a new system in industry. A

graduate should appreciate the trade-of fs that are relevant in

choosing a system and understand the essential elements that

comprise a CAD system. This would include appreciation for the



role of the hardware's operating system (command language), the

customized executive system (menu selection), the database and

the application programs used. A student should be able to

adapt to and be able to critically evaluate any system in

industry with a minimum of on-the-job training. The

shipbuilding industry in the United States is currently

dominated by one institution -- The United States Navy and

especially NAVSEA. As a result, most naval architects will be

influenced by the CAD facilities used by NAVSEA. Also, the

proposed CAD facility must be expected to be used extensively

for long-range research sponsored by industry and especially by

NAVSEA. Therefore, when planning a new CAD system, the system

used by NAVSEA should be considered as a guide for development

to avoid "reinventing-the-wheel". The system must not,

however, be so restrictive that it cannot provide the

flexibility required for use in an educational and research

environment. Consequently, the MIT system should not be an

exact duplication of the NAVSEA sy-tem. On the contrary, the

level of desiqn sophistication needed in an industrial

environment such as NAVSEA would be largely unused in the

academic world. The level of sophistication needed at MIT

falls somewhere between its current level and the level

needed by NAVSEA.

As discussed in Chapter 3, NAVSEA is currently

redesigning its CAD facilities under the CSD Program. The

major design issues at NAVSEA which impact on the design of the

MIT system are (1) hardware selection and (2) data



management system selection. These issues are discussed in the

following sections.

The hardware selected for inclusion in the MIT CAD

system must be compatible with hardware currently used or expected

to be used in te near future by industry but must also be

flexible in ordir to provide the development capabilities

needed in an ac,.demic environment. Also, some of the more

sophisticated equipment capabilities required in a production

environment need not be included in an instructional

environment. .3-erally. the programming 1.anquage and operating

system lanquaqe -=hould be compatible with those currently used

by industry. Mhi:r- specifically, hardware requirements at

MIT falls into i<iur categories:

1. A main-frame computer capable of executing large
prcorims as well as havinq the capability of
contril3ling the operation of the CAD facility
wnil- . ilowinq inuitiple system users.

2. On-i ie tet/qraphtcs dis nlav terminals for use
wilth Th*? CAD system for orooram operation.

Z. Cff - - . stand-iicne micro-computers for program
devel 2pment and other non-graphicai related

functions.

4. A semi-stand-alone 'turn-key' graphics oriented
design system for detailed design and research

functions.

Due to its current availability at MIT and since it

is the main-frame selected by NAVSEA for its CAD system, the

VAX-11/782 computer produced by Digital Equipment Corporation,

should be considered for fulfilling the main-frame capacity.

Many MIT ship design courses use programs written using the
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Fortran programming language and which are currently residing

on this computer. Other existing programs using the Fortran

language can be relocated to this compLuter relativaly easily

with minor program monifications. This compt'-er uses the DCL

operating language whit-h provide- the necessary structure +or

development of an exer tive control system 4or CAD system

management. In _idditirn. the VAX-11/782 computer system

.ossesses facilities and interfaces required for hardcopy

production of text and qraphics outputS.

Graphics plays - major role in ship and hip cyEtem

design. Tabulated dati, requires much time-consuming anaiysi-

for result evaluation-. This evaltkati:n time can be -reatl.

reduced by having the c,4ta displayed in grapnical form. Also,

interactive graphics capabilities allow the designer to

immediately see the re .ilts of a desitan modific t on without

having to wait for tiir;. - nv niner- ir-n. - nr th'e-f reA-on, 'All

on-line graphics disol,, -rgabliitv mist -- includfd as a part

of the CAD system. . ' tne aal ticr ot orinilci Vapt;n I ities

causes a relatively smail cost increase, all on-lire display

terminals should have this capability.

Tentative selection of the TEMPLATE graphics system by

NAVSEA and the requirement that all graphical data meet IGES

standards restricts the available selection of graphical

display terminals for the CAD system. NAVSEA currently uses

the Tektronix 4010-Series terminals for its on-line graphical

display. For this reason. the MIT system should use either the



same terminals or terminals which are compatible with them.

The 4010-Series terminals feature a high level of

sophistication in graphical display methods and also is

relatively costly. Neither of these features fits the needs of

the MIT system. Therefore. 4010-Series compatible display

terminals which offer less sophistication, but which are

generally less costly, must be considered. Two graphical

display terminals, the Tektronix 4100-Series and the Visual

500-Series, have been investigated. Both of these terminals

meet the graphical display requirements while providing a mix

of color and non-color displays as well as featuring lower

costs. These as well as other compatible text/graphics display

terminals should he investigated for inclusion in the MIT CAD

system.

Program development, which would be a major use of the

CAD facility, does not require the full-time dedication of a

qraphics-capable display terminal. Non-qraphic display

terminals would easily provide that capability reauired for most

program development work. These terminals, with their 1i nited

capabilities, however, would not provide the flexibility needed

for the CAD system. Instead, stand-alone micro-computers,

which would provide flexibility in their capabilities, should

be used. A micro-computer, with adequate internal memory,

language and external storage capabilities would provide a

means by which application routines could be developed off-

line. After completion, the program could be transferred, via

modem, to the mainframe for graphical work-up and inclusion
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into the CAD system.

The micro-computer could also be used for non-

development functions such as document creation (user's guides,

reports, etc.) as well as acting as a terminal for operating

the CAD system's non-graphic routines. As an example, the

Zenith Z-100 series micro-computers have capabilities of over

one megabyte internal memory and over 10 megabytes external

storage capabilities. A stand-alone system such as this would

provide the capability for the development of very large

application routines without requiring access to the main-frame

at all. This would not only reduce the load seen by the main-

frame computer but would also reduce the costs inherent with

accessing a time-shared computer system.

The graphical capabilities of the TEMPLATE graphics

system and others of its type, are excellent for the generation

o1- two-dimensional graphical representations of tabular data.

The graphical needs of the CAD system, however, exceed these

capabilities. Detailed structural, internal arranqements And

r subsystem design creates requirements for a much more graphics-

intensive capability. These requirements include rapid and

easy generation, storage and retrieval of three-dimensional

representations of system components and the ability to use the

stored data associated with these components for the

generation of detailed drawings. Many such systems are

currently available from Computervision, Applicon and other

manufacturers. Since systems such as these are currently used
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widely throughout industry, especially for system and subsystem

design, the design student needs to become familiar with their

capabilities. Such a system would also provide an excellent

tool for use in the development of future desian and

manufacturing techniques.

4.5 Data Management

The major advantage of using computers instead of

performing calculations manually is the computer s ability to

perform these calculations very rapidly while handlinq large

quantities of data. Without a system for managing this data,

however, operation of the system becomes cumber-ome and

prevents the user from utilizing the computerT i-tll potential.

As stated previously, the existing application r'utines are

generally independent entities and use their own inefficient

schemes for management of data. This usually involves readinQ

input data +rom data files or interactively trcm T.he terminal,

storing this data internally as variables, perir-Linq

calculations usinq this data by referencina -h?- :ariabh

names and then sending the calculation results to an output

file. As a result, after program execution, two or more data

files exist with many data items duplicated between the files.

Subsequent development using these results requires accessing

both data files.

A more efficient scheme for data management would allow

each application routine to build upon the already existing

data, thereby alleviating any duplication of data items. This



collection of data, called the database, would define the ship

as it exists at the current point in time. Any further

operation on the database should serve to refine and add detail

to the existing ship definition. Any previously de+ined data

items, such as length between perpendiculars or desiqn draft.

however, should not be modified in the database by subsequent

operations since this would effectively change the ship

definition rather than add to it. If a change to kn existing

data item should become necessary, due to the iterative nature

of the process, then a new database, completely detached from

the old one, should be created to define the new snip. The

design process should then continue by refining anu addinn

detail to this new ship. By the end of the desirn rocess.

this database should contain all data necessary to comletelv

define the resulting design. This would provide th- capabilitv

for rapid data retrieval and examination as well as nrovidino

the precompiled data package necessary for shio onv~trucrion.

In addition, the smaller, less defined databases ;-h were

developed earlier in the design process, would provide .aluaole

references for future design efforts. If a new ves-el. similar

to one of those described in an existing database, is desired.

a copy of the database provides an excellent starting point to

begin designing the new design and can save much redundant

work.

An effective database is one that can be shared by many

routines encountered in the ship design process, each of whichI has a different task to perform. Data should be stored in a
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form that allows the user to extract the information required

and to use it directly without having to pass it through some

form of interpretation process. For example, it should contain

sufficient offsets, properly organized, such that each one of

the programs for hydrostatics, Bonjean curves, structures and

seakeeping can directly access it and obtain the input required

without having to go through a "black-box" interface program.

The minimum requirements for each database entry are:

- Variable name

- variable type (integer, real. etc.)

- Assigned value

- Units

Additionally. comment space should be reserved for ease

of database maintenance. The Design Executive System (DEX).

developed jointly at MIT and the University of Michigan.

orovides An excellent example o+ the structure of such a

database svstem [7].

4.6 Application Routine Implementation

4.6.1 Implementation Procedures

Application routines provide the meat of any CAD system.

MIT's abundant supply of existing routines makes

implementation difficult only in that decisions must be made

concerning which routines should be included. Any routine

which performs useful and accurate calculations should be made

available to the student and researcher. Storage and

maintenance costs associated with making all such routines

IIIR- -



readily available to the user, however, would be prohibitive.

Therefore, the need for establishing different levels of

availability is indicated. These levels of availability could

easily be incorporated by allowing the executive control system

to coordinate access to routines at different levels.

A two-level system would be most easily implemented and

would provide the needed ease of access while reducing

associated costs. Routines maintained at level-one would

be stored within the system and would be accessed directly from

the executive system. Routines maintained at this level should

be those used as instructional tools for courses and those

expected to receive heavy usage. The level-two routines should

be stored usino an external storage medium such as magnetic

tape or magnetic disks. When needeo, these routines would be

loaded into the system by following instructions presented by

the executiv ronrrol system. Apo1ication routines which fall

into this categorv are those which are expected to receive

liqht usale ;nd those other routines which are not part of an

established course curriculum.

The fact that these application routines exist and are

available is not meant to imply that they are ready to be

implemented as part of a CAD system. In order for the system

to remain consistent and to be usable, certain criteria must be

established for inclusion of new routines into the system.

These criteria are discussed below.

a. Calculation quality First, and foremost, the

calculations and evaluations performed by the routine
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must be accurate.

b. System compatibility Input, output and data storage
schemes must be consistent with those existing within
the system. Also, the routine must be formatted such
that it can be interfaced with the executive control
system.

C. Documentation Without proper documentation. an
otherwise excellent routine will not be useful.
Accurate and thorough documentation must be made
available to the user if he is to be expected to use the
routine. Required documentation must include an on-
screen help document which provides a brief description
of program function, operation. input/output and
calculation/evaluation methodology. a hardcopy user's
guide providing the same information but in more detail,
and inclusion of a brief description of the routine in
the svstem bank of available options.

Once these criteria have been met. the program can be

implementeo on the system. This involves transferring the

executable machine code and on-line help documentation to the

level-one or level-two storage section. Finally, the program

is activated by modifying the executive control system to

indicate that the new program is now available. By insuring

that all candidates for system inclusion meet the above

criteria and by +nllowing established implementation

procedures, system integrity and usability can be maintained.

4.6.2 Available Application Routines

In order for the CAD system to be useful f or

instructional and research purposes, it must contain

application routines which are useful in course work as well as

research work. As previously stated, many such application

routines currently exist at MIT., To provide guidance for

application routine selection, a brief description of some of
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the major routines are provided below along with

recommendations for system inclusion.

REED Reed ship synthesis model - Synthesizes a ship
from the input constraints, equipment, and
payload. This program provides the ships
characteristics, weights and volumes. The
program is good for destroyer/cruiser class
ships.
Location: IPS (Information Processing

Service)
Recommended level: one

PBSYN Patrol Boat Synthesis - Synthesis model for
50 - 150 foot planing or near planing patrol
boats. Model developed at MIT by John
Tuttle and modified by J. Sander and
S. Judson.
Location: IPS
Recommended level: one

HULLCiA'4 Hullcon ship hull lines generation program.
Given a minimum set of ship characteristics.
assumes initial boundary condition and
generates sectional area curve, body plan.
profile, deck at edge and other curves on
a Tektronix 4014 graphics terminal. Gives
output in offsets suitable for input to
HUJLLDEV. (Not currently operational)
Location: IPS
Recommended level: one

1HULLDEV Hulldev ship devetopment program identifies the
ship characteristics by allowing the user to
run displacement and other curves program,
seakeeping, and other programs.
(Not currently operational)
Location: JCF (Joint Computer Facility)
Recommended level: one

SHCP Ships Hull Characteristics Program - Using
a data file containing ship offsets and
interactive user inputs, will calculate
displacement, curves of form, floodable
length and hydrostatic characteristics.
Location: JCF
Recommended level: one
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GSHCP Graphics Ships Hull Characteristics Program -

Graphical version of SHCP. Produces graphical
representations of data and body plans.
Location: iCF
Recommended level: one

BALES Pale's seakeeping program - Calculates
Pale's seakeeping rank estimator, water
plane and vertical prismatic coefficients
,nd waterplane areas.
iocation: JCF
4Pcommended level: one

RES60 Calm water resistance estimate according
to Series 60 data by interpolation.
Location: IPS
Recommended level: one

RESTA Calm water resistance estimate according
-ylor Series.
Location: IPS

REcommended level: one

SEEKST interpolated procedure for the prediction
o- the seakeepinq performance of cruiser
stern ships using the seakeeping standard
series data.
Location: IPS
R"'7ommended level: one

CURRENT Five degree of freedom ship motions
poram. Includes drift forces, nonlinear
roll and motions in a current.
-ocatlon: IPS
i'cnmmended level: -ne

LLL2 Develops optimum propeller characteristics
using Lerb's lifting line theory. User
may create new or modify existing data files

for evaluation.
Location: JCF
Recommended level: one

PROPEL Propeller program evaluates the optimum
propeller using the B-Series data.

Location: IPS
Recommended level: one

BALANCE Longitudinal weight balancing pf - am.

Location: 3CF
Recommended level: one
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SHEAR Program for calculating shear stresses
in the hull girder given longitudinal
weight distribution.

Location: JCF
Recommended level: one

MIDSHIP Program for calculating optimal member
sizes for required midship section modulus.
Location: JCF
Recommended level: one

GRILLAGE Program for calculating optimal member
=izes for grillage structure.
Location: JCF
Recommended level: one

SWACEM Small waterplane thin hull (SWATH) concept
exploration model. Given a range of
principle ship characteristics and a range of
p.yload, SWACEM looks at all possible
combinations of ships. It rejects those that
-r", not possible. Those that remain are
okit put for further processlng by CMPOST.
Lr;-ation: IPS
(-,=-ommended levei: two

CMPOST A qraphical pose processor for the SWATH
exploration model (SWACEM). Produces a plot
of a given optimization function by ship
produced by SWACEM.
Location: IF'S
'Hci)mmended levei: two

PROP Prm-nller desion proqram for obtaining
pr-neller with maximium efficiency while

-isfvinq blade stress and propeller
cavitation constraints.
Location: IPS
Recommended level: two

DISP Displacement and other curves. Calculates
the hydrostatic properties and section areas
of the hull.
Location: IPS
Recommended level: two

FLDLTH Floodable length program calculates the lenath

of a compartment and its location relative to
the forward perpendicular, which would sink the
ship to a specific trim line if the compartment
were filled with water.

Location: IPS
Recommended level: two
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XCRVS Cross curves of stability program calculates
the data necessary to plot the cross curves
of stability for the hull inclined at
different angles.
Location: IfpS
Recommended level: two

GUNBLAST Produces a plot of the topside overpressuriz-
ation from own ships guns.
Location: IPS
Recommended level: two

EXTREMES Finds the extreme values of a Gaussian
random process for two cases: (1) maximum
among N samples and (2) maximum in T seconds.
Location: IfPS
Recommended level: two

FIFTH Fifth order wave data.
Location: IfS
Recommended level: two

HOGBENIN Provides ocean wave statistics according to
Hogben and Lump.
Location: IfPS
Recommended level: two

HUNDRED Finds the hundred year wave as used by the
classification societies.
Location: IFS
Recommended level: two

NORMALI Determines the probability of the peaks
of a Gaussian random process exceeina
a certain valLue of A.
Location: IfpS
Recommended level: two

NORMAL2 Finds the average of the I/Nth highest

peaks of a Gaussian random process.
Location: IfpS
Recommended level: two

SEA Simulates a sea generating wave elevation
as a function of time.
Location: IfpS
Recommended level: two

SECFOR Evaluates the slowly changing second order
forces given the sea spectrum and the time
average of the second order forces.

Location: IfpS
Recommended level: two
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SPEC Produces points for a Bretschneider ocean
wave spectrum.
Location: IPS
Recommended level: two

SPECMOM Finds the first, second, and fourth moments
of a spectrum.
Location: IPS
Recommended level: two

WEIBUL Finds a Weibull wave distribution.
Location: IPS
Recommended level: two

WINDY Generates points of a Davenport wave
spectrum.

Location: IPS
Recommended level: two
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5.0 Demonstration of the Desian System

5.1 Background

Thus far, this author has limited himself to discussions

of what 'should be' and what 'could be' with respect to the CAD

system. To demonstrate some of the CAD features previously

discussed, a prototype CAD system. entitled Ships Computer

Aided Design System (SCADS) was developed. Incorporating all of

the features discussed is beyond the Tcope of this thesis,

however, those features which demonstrate the major ideas

presented were incorporated.

5.2 System Features

SCADS was developed using the tacilities of the Joint

Computer Facility (JCF) at MIT Those lacilities specifically

used by SCADS include a DEC VAX-11/732 mainframe computer, DEC

VT-100 text terminals, a Visual-55( qraphics/text terminal and

an IMAGEN laser printer/plotter. in tfdition. much (- the

documentation was created using an Apple lie micro-computer

running the CP/M operating system and the WORDSTAR word

processing system.

The SCADS executive control system (SCADS for short) was

written using Digital Command Language (DCL). This language

provides features which allow SCADS to control the selection

and execution of available application routines as well as

providing a means for input/output designation and on-line help

features. A print-out of the SCADS command executive is listed
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in Appendix A.

The principle feature Of SCADS is that it maintains

control of all system operations from initial system entry

until final exit. System initiation is accomplished by typing

SCADS

at the terminal. A welcome/status mess~qe is displayed

(Appendix B) followed by an option to review system operation

procedures. An affirmative reply will cause the primary on-

line help document to be displayed (Appendix C). This

document presents a brief description at the SCADS system and

operating procedures as well as a listirng of implemented

application routines and a brief description of each.

Next, the user is asked to enter either a SCADS command

or a help command. The help command is

DESIGN

Typing this at the keyboard will cause trie primary on-line help

document to be displayed. If the user desires more information

about a specific application routine, this is available by

typing

DESIGN <argument>

where <argument> would be the name of one of the implemented

routines. Typing errors or unrecognized commands entered at

either of these points, will cause a SCADS error message to be

displayed followed by another system prompt.

Typing only the name of one of the implemented routines

will initiate execution of that routine. For this prototype of
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the SCADS system, three routines have been implemented:

- SHCP - hydrostatics calculations

- GSHCP - graphical version of SHCP

- BALES - Bale's seakeeping

The detailed on-line documentation for these routines are

listed in Appendices D, E and F. As an illustration of

what the user sees during a SCADS session, a listing of a

sample session during which the SHCP program is executed is

presented in Appendix G. This listing has been edited to

remove the on-screen documentation which would normally be

displayed.

Graphical Displays

A feature important to any CAD system is its ability to

represent system calculation results in a graphical manner.

With this capability available, the user is able to view the

results of a desiqn decision without having to sort throuqh

lengthy listings of tabulated data. By providing this

capability as an on-line feature° the CAD system males

immediate evaluation possible, thus greatly reducing the turn-

around time in the decision-result cycle.

The SCAD system discussed in the previous section has

included one program which possesses these capabilities. The

program, Graphics Ships Hull Characteristics Program (GSHCP),

which is a graphical version of SHCP. was developed by NAVSEA.

GSHCP provides interactive graphics displays of hydrostatic

properties and curves of form of the hullform being evaluated.
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A description of the features of the program are

provided here as an example of the features which should be

incorporated as part of the interactive graphics capabilities

of a CAD system.

Primary hullform data is input via a data file of

offsets with the remaining hullform definition data entered

interactively from the keyboard. After this definitive data

has been entered, all further system interaction is via the

terminal's graphical display. Appendix H provides samples of

the various graphical displays presented during execution of

GSHCP. The graphical display system used with this program is

the BLOX GRAPHICS BUILDER system, developed by Rubel Software

and provides menu driven interactive capabilities necessary for

on-line graphical manipulation. The BLOX system meets the IGES

standards requirements and is compatible with the TEMPLATE

graphical system.

Initially, the user is offered the option of viewing the

input offset data graphically. Three displays are

available: (1) offset body plan, (2) splined body plan and (7)

isometric view. These are illustrated in Figures H-1 through

H-3 respectively. By reviewing these displays, the user is

able to immediately locate any irregularities associated with

the description of the hullform as the system sees it. Since

GSHCP performs hullform evaluation rather than hullform

generation, it cannot change this ship definition. Any

irregularities must be corrected by modification of the data

file of offsets. Obviously, having this capability available
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as part of a huilform generation program would make it possible

to locate irregularities and to correct them interactively

before beginning the evaluation process.

Once correct huilform definition has been established,

the user, by selecting options from the display screen, can

view the hydrostatic properties associated with this huilform.

Samples of the displays available are shown in Figures H-4

through H-12. In addition, the Luser may modify ship draft and

trim and view the Curves of Form which result from these

changes. These changes are made possible by providing a

representation of a numeric keypad on the display screen. Tile

user controls the keypad by using either the keyboard arrows or

by using a data tablet to control movement of a screen cursor.

As numbers are selected or deleted. the correct numerical value

is displayed. If this value is acceptable to the user. he

enters the value into the system, which then performs its

calculations using this new data. The user may then view the1

Curves of Form which represent this new data and can

immediately see the changes caused by this modification.

Additionally, the user may direct the system to generate a

hardcopy of the current graphical display.

This type of interactive graphical display and

interactive data modification capability makes it possible for

the user to be more efficient in his efforts. The short turn-

around time associated with this capability makes the

evaluation of more options possible. Also, having a graphical
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display readily available allows the design to make better

informed decisions concerning future design development

alternatives.

5.4 System Shortfalls

As stated previously, SCADS is a prototype system and

does not include all of the features needed for the final CAD

system. The most important missing feature is a database

management system. As currently implemented, SCADS does not

have the ability to coordinate the input, output or storage of

data for use between separate application routines. Althouqh

the three implemented routines do possess a degree of

commonality of input, some data required to be entered

interactively (ship name, station spacing, etc.) is data which

actually defines the current stage of the design and should be

included as part of the database.

SCADS has been installed on a DEC VAX-11/782 main~rame

computer at MIT. This facility has the capability of provioina

all of the support functions needed to fully implement the CAD

system. However, this computer is used on a time-shared basis

with many other users and, as a result, system response is

frequently less than desirable. This is especially evident

during periods of heavy system usage such as occurs at the end

of an academic term. Slow response is very distracting when

operating a system such as SCADS which requires an extensive

amount of user interaction.

The programs currently available on SCADS have not been
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modified from their original format. Therefore, few internal

help features exist within these routines. Also, once a

routine has been entered, data entry errors may cause

catastrophic results, requiring reentry into SCADS from the

beginrning.
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6. Conclusions and Recommendations

The need for the existence of a ship design CAD

capability for use in an academic environment has been

established. In order for future ship designers to be able to

function ef+iciently in an industrial setting, use of these

capabilities must be made part of their academic curriculum.

Structural guidelines for the creation of this CAD facility

have also h-en presented and features required to make the

system usab-2 have been discussed. Also. a prototype,

illustrat-n(I some of the more important features required for

this facili v. has been developed and is currently operational

at MIT. The next step is to use this prototype and these

guidelines as a guide for the further development of this

facility.

Fuli ,molementation c)+ trie ideas discussed here is not

an easy task 7;nd is not one which can be accomplished in a

short time L-,rioa. Because oi the time required to implement a

system which incorporates all of these features, development

must be a multi-step process.

Short-term goals should involve making the application

routines available for use under SCADS in their present format.

Centralized storage, user documentation creation and

implementation under SCADS must be accomplished quickly so that

the system will be available, even if in a crude form, as soon

a possible. Also, development and implementation of

5.,
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application routines which fill the gaps currently existing in

the design process must be started. Specifically, a hulform

generation and definition capability must be established. This

could easily be accomplished by implementing the HULGEN and

HULDEF programs developed by NAVSEA. thus closing the gap in

the design process which exists between gross ship

characteristics specification (REED synthesis model) and

hydrostatics (SHCP) and seakeeping evaluation (BALES). Major

hardware items currently are available, although limited in

numbers. Since most system development work will eventually be

done by the students as course work or thesis wort-. additional

hardware, especially terminals and accessories. must be made

available quickly.

Long-term goals should involve the modification of

application routines to include error checking schemes, on-

line help which is specific to each routine. an d interactive

graphics capabilities. In addition, a centralized database

system should be implemented so that the logical flow oi- the

design process can be established. NAVSEA has selected the

Relational Information Management (RIM) system, distributed by

Boeing Computer Services, as its database system. This system

should be investigated for suitability as part of the proposed

CAD system. Also, because the system must respond relatively

quickly in order for it to be useful as a research tool, the

possibility of obtaining a mainframe computer, designated

specifically for the CAD facility, should be investigated.

The ground work for establishing a ship design CAD
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facility has been laid. Continued emphasis an and support of

system development will be needed, however, if a truly

functional facility is to become reality.
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S WRITE SYSSOUTPUT '
I WRITE SYSSOUTPUT "
$ WRITE SYSSOUTPUT - ........................................
$ WRITE SYSOUTPUT ' + +"

$ WRITE SYSIOUTPUT @ + M.I.T. +.
I WRITE SYS$OUTPUT @ +
6 WRITE SYSSOUTPUT + SHIPS COMPUTER AIDED DESIGN SYSTEM +"
$ WRITE SYS$OUTPUT - + +1

$ WRITE SYSOUTPUT * + VERSION 1.00 +0

$ WRITE SYS$OUTPUT - + 

$ WRITE SYStOUTPUT + BERNIE W. JOHNSON +"
1 WRITE SYS$OUTPUT + ++

S WRITE SYSOUTPUT * + APRIL 1984 +'
S WRITE SYS$OUTPUT ++.....+......++......+..+..++..++++++..'
$ WRITE SYSSOUTPUT
S WRITE SYSSOUTPUT

I

$

$ DISPLAY WELCCME/SYSTEM STATUS MESSAGES
I

SI

$ TYPE SCADWEL.OC
$

$

S GIVE USER THE OPTION OF REVIEWING COMMAND PROCEDURE SUMMARY

CON-PROCEDURE:

WRITE SYSSOUTFUT

S WRITE SYS$0tTRUT
$ ORITE SYS$OUT:uT 'DO YOU WANT A REVIEW CF COMMAND FP CEu Sl UYiN"

S WRITE SYSSOUTPUT
I INgUIRE COM 14FO

$ IF COM INFO .,ES, 'Y" .AND. COM INFO .NES. 'N' THEN GOTO CON FROCEDURE

I IF COMINFO .:IS. 'N' THEN GOTO COMNO

COMNYES:

S DISPLAY COMMAND PROCEDURE DOCUMENT
SI

S TYPE SCADCOM.DOC

CON NO:

S WRITE YS$OUTPUT ' @
1 WRITE SYSSOUTPUT a #

f WRITE SYS$OUTPUT 'Enter a SCADS comeand or 'DESIGN' to view options.'
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$ WRITE SYSSOUTPUT

S WRITE SYS$OIJTPUT

*COM GET:

S''"GET COMMAND

I INQUIRE COM.NAME

' ''EXTRACT THE FIRST 4 CHARACTERS FOR COMPARISON

s COM NAMEI := 'F$EXTRACTkO,4,COM NAME)'

S MAIN C'CM := ERR

* IF CON NAMEI .EQS. 'StCP' THEN MAIN-CON SHCP.

S IF COMNANMEI EgS. 'GSHCO THEN MAIN CON GSHCP

S COMNAMEI .EQS. '?ALE' THIEN MAIN CON BALES

S ~ADD eTHER PPL!CATI14 PBLiTINE COu PARISCNS IN 4
s ' THiS AREA AS THEY 4fRE EVELOPED

s :'F CCI NA4MEI .EGS. 'El!T" THEN GOTO 1SliT

S IF :o~ ~EI E14-'~S TH EN 60TO MENU C.4ECK.

s lF TMAIN CE .EQ5. 'ERR' 7,EN GOTO ?AD COM

A MI N- C M'

S O601 CCN GET

IMENU C4ECK:

S '..CHECK FOR MODIFIER ON 'DESIGN' COMMAND

S CON-LEN :='FSLEN6TH(COM NAME)'

i SPACE := 'FILGCATE ' ',COM.NAME)'

1 '''MODIFIERS PRESENT

6 IF CON LEN .NES. SPACE THEN 6010 MENU-AMP

* TYPE SCADCOM.DOC



GOTO CON GET

I MENUAMP

S '!'DECIPHER MODIFIER TO *DESIGN' COMMAND

$ SUBCON ERR

SUB MENU 'F$EXTRACT(SPACE,3,COMNANE)'

S IF SUB-MENU .EGS. 'SHC' THEN SUB CON SHCP.DOC

S IF SUB-MENU .EQS. '6SN' THEN SUBCON S= CP,DOC

I IF SUB MENU .EQS. 'BAL' THEN SUBCON BALES.DOC

$ IF SUBCON .EGS. 'ERR' THEN GOTO BAD CON

S TYPE ' UB CON'

$ 6TO CON GET

$ BAD COM:

$ ..ERROR TRAP FOR ILLEGAL COMMAND

WRiTE SVS$OUTPUT
$ WRITE SYS$OUTPUT

S WRITE SYS$OUTPUT 'Unrecognized command. Please reenter.'
$ WRITE SYS$OUTPUT
S WRITE SYS$OUTPUT

S GOTO CON SET

1 EXIT:

$ EXIT
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SCADS WELCOME/SYSTEM STATUS MESSAGE



Welcome to the SHIPS COMPUTER AIDED DES]BN SYSTEM

This system, which is currently under development, will aid you in
the design and analysis of ship data. Although it will not make
design decisions for you, it will provide many tools for your use
so that the amount of time required for calculations and iterations
can be reduced. Hopefully, this will allow for timely design
decisions on your part.

This system has been designed to be as easy to use and as straight
forward as possible. Help files are available for viewing at
command input points as indicated below.
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SHIPS COMPUTER AIDED DESIGN SYSTEM

ON-LINE HELP DOCUMENT
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SHIPS COMPUTER AIDED DESIGN SYSTEM

THIS DESIGN SYSTEM CONTROLS THE OPERATION OF A COLLECTION OF USEFUL PROGRAMS TO
AID YOU IN THE SHIP DESIGN PROCESS.

A SYSTEM PROMPT '--)" !NDICAIES THAT THE SYSTEM IS WAITING FOR YOU TO ENTER A
COMMAND OR DATA FOR PROGRAMS WHICH ACCEPT DATA INTERACTIVELY.

TO VIEW THIS DOCUMENT AGAIN, TYPE 'DESIGN" AT THE SYSTEM PROMPT OR FOR A MORE
DETAILED DESCRIPTION OF A PARTICULAR PROGRAM INCLUDING INSTRUCTIONS, AT THE
SYSTEM PROMPT TYPE:

--> DESIGN (ARGUMENT.,

WHERE THE CURRENTLY AVAILABLE ARGUMENTS ARE:

CP
,SHCP ". OTHEPS ADDED HERE AS IMPLEMENTED is*
:ALEL

, R EYAM LS

XCLLD DISPLAY DETAILED INFOSMATIN ABOUT THE BALES SEAKEEPINS
cROGRAM.

TO RUN ONE OF THESE F"OGRAMS. JUST TYPE THE NAME 5F THE PROGRAM. FOR EXAMPLE:

-- SHCP

wOULD FLN THE FROGRAm ISHCP'.

A ERIEF CESrRIPTION !'- THE AVAILABLE PROGRAMS FOLLOWS.

CP USING A CHTA FILE CONTAINING SHIP OFFSETS AND
INTERACTIVE USER INPUTS, THIS PROGRAM WILL
CALCULATE DISPLACEMENT, CURVES OF FORM, FLOODABLE
LENGTH AND HYDROSTATIC CHARACTERISTICS. OUTPUT

IS IN A TABULAR FORMAT.

GSHCP PERFORMS THE SAME CALCULATIONS AS 'SHCP' BUT
PRODUCES GRAPHICAL REPRESENTATIONS OF THE DATA
AS WELL AS BODY PLAN AND SHIP ISOMETRIC VIEW.
DUE TO THE GRAPHICAL PRESENTATIONS, GRAPHICAL
DISPLAY TERMINALS MUST BE USED TO RUN THIS
PROGRAM. PRESENTLY, THESE INCLUDE THE
'VISUAL 550' AND THE 'VT-IO0'.

64



7{

BALES USING A DATA FILE CONTAINING SHIP OFFSETS AND

INTERACTIVE USER INPUT, THIS PR0GRAM WILL

CALCULATE BALE'S SEAKEEPIN6 RANK ESTIMATOR,
WATER PLANE AND VERTICAL PRISMATIC

COEFFICIENTS AND WATER PLANE AREAS. OUTPUT
IS IN A TABULAR FORMAT.

it. DESCRIPTIONS OF NEW ROUTINES ADDED AS IMPLEMENTED *.
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A~PPENDIX D

SHIPS HULL CHARACTERISTICS PROGRAM

ON-LINE HELP DOCUMENTATffION
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* SHIPS HULL CHARACTERISTICS PPTIGPM *

IDEVELOPED BY NAVSEA

* IMPLEMENTED AT M.I.T. 5Y

I BP.W. JOHNSCIN*
*AND t

U.H. ROWLEY

Ruri-i --eiminarv hull defrition. sanv t-itoos And ttae ronsuminq
-quired. TRe ott,5 Hull uatelt rr::a-a 2MCp! was

:eveio:eu to ,: t Ue nuabe' ot such cu~~t ori vt: ust be cerforaea ty
tan,. :evel oped bY h~E LOG FP ueth I,3 Uieo :I 2rICUS

srst co the Na,': CES.ZR C:*Aurlt ."E - out t __: consistei o-f
',us-er~ r:O, oi a t a O- i -o :a :n q :r v e Es *r, ti o dazle

ceoo ro -ooauilit:

uncr too the data jt:1:eo : TCP is ;n the tore, nt 'otisets', a
Separate +Ii- - this data must be created. instruction,-s for treatinq !te
crf er '' if r-ovi1ded below. Allit::nal data reouireo ft peit F 'U

of SKPF are + <reJ interacti-vei, I,' th-e usEr at the ZC'3i.&i; arue the ;rccrar
is runn:-, - 't are crovirco tc tu: re -ser t'unaStest
seEs: r. _.,,S o S th !.r-eet :otc to~ re ,rvde OEIa.

7'eir teq rol'r r aliv aciltcn t
ZO Y and n :200. :itz Ere st7ereo :1 stat:or
3vte Frsur Zno t tr'rwzoro ecnzxr o'orurr-,

* 7t-cCrdlflatE' 1aEosurs: trjyi :-e csnterI300, and .eruica

measure in 4'er 7-~coordinae. measured tram the base iine. in addition, a
foujrth rueser ro-trol number is required to :nodicate tc the tomaiuter what
tote ofit tho.s point is. Th.e offsets are entered as decimal valu;es
separatec ny -rmas, The :introl number is entered as an inteaer. Orib ore
point is entered on each data line. Control numbiers and their meanings areA
Si sted tbelocw.

I- Ordinary offset data point
2- Preaepoint or point of sharp hull curvature chanqe
3 - Last data point for a station
4 - Last data point for the entire ship

A typical data line would be

6.75, 10.6125, 22.0, 1

This would be translated as
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6.75 - station nLmoer

lO..15 - feet from centerline

22.0 - feet above the baseline
I - control number (1 = ordinary data point)

All points fcr Pach station are entered before moving to the rext station
and the points for Pacn station are entered starting at the keel and working to
the deck edae. 4re -ciicwing rules apply to station selection.

a. A amiumum ci t- and a maximum o forty-one stations can be specified.

b. The total mser .t staticns must be cdd; each station must have a non-zero
sectional area wne. "-tally immersed.

c. The sequence of -taticns submitted must be from the Dow ait. The tip cf the

bow and the stern *,cd be included to define overall ship lenotn LDA.
Stations forwaro c- -e FP snould be entered using -egative staticn numbers.

d. The inimum e ust rave a haii- readth ct at least .1 feet, 4no an
incremental le!::t :t least .01 eet.

e. Pegions ci -oic - iqe in station E;ze nr saae reouzre marv clcsei noacco
staticns e.c. -a ; '!r :Jarter stations noult te =ut2ttu rEar th2 to
and or stE'7',

t. Lon tuna; trea,:oirts 'end of raiznd +.recastle. eid an sxE:. etc,) are
represented by three .erv closely soacea stations wnich iust te cc!-even--od in
the sequence - c--'s -usmotted. 'ct ,c-,se a station's t:uitinn te
irput sequence wit . tztion rumOer.

5,11~ny th7eP s:.' hE cdna-~~n -PCe te succiirei 4or !1e
parallei mIc

The icllcwi,- r--: - -e :t servel i~i-n -n eP_ ta:c

a. A miniaux of two ;nvs and a maximua o twenty :ne pzints cer station can
be processed. Since tse proram performs a second orcer interpoiation fit of
unequally spaced points, these must be considered as cart of the maximum when
building the input fi:e. 1; no additional Doints are desired to be added by
the program, the ;nut file must have equally spaced points at each station.
The spacing however does not have to be the same for each station since they
are computed individually.

b. The points at each station must be submitted in ascending order by height.
Hulls with tunnel sterns and convex bottoms cannot be processed directly,
because all points below the highest point of the convex surface are ignored.

c. Only two horizontal lines are permitted on a station: one from the vertical
centerline of the ship to the first point; and one from the last point on the
station back to the centerline. Therefore, first or last points on the
centerline must not be specified whenever a horizontal line would connect thee
with an adjacent point. If the slope of a straight line connecting two
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adjacent points is less than or equal to 0.002 either the first or the second

point will be ignored.

d. Regions of rapid change in curvature (e.g. the turn of the bilge) require

many closely spaced points.

e. Points of abrupt chlanges in curvature (e.g. edge of the keel, knucklesetc.)

must be identified as vertical breakpoints. The maximum number of breakpoints

permissible per station is six.

A typical data file is illustrated below.

-0.5, .875, 78.0, 1
-0.5, .875, 76.75, 3 last point of station

0.0, .875, 24.0, 1

0.0, 5.625, 76.0, I
0.0, !1.775, 60.0, 1
0.0. 13.25,. 76._25, 3 last point of staticn

2.:, 1.75 .0, 1

2.7, 1.75, 1.9, 2 breakpoint
2.:. b.0, 4.71, 1
2.0, 22.'75. :4.u. I
.0,39.275, 68.775. l !ast point of staticn

5.6, 1.75. 1)(i

5.0, 1.75, 1.7, 2 breakpoint

5.0. !8.0, 5.75, 1
5.0, 4a.625, 30.0. 1

5.0, 47.75, 48.0, 1
5.0, 47.8125, 54.0, 2 breakpoint

5.', 47.s125, 58.75, 3 last point of statrcn

10. ', 1.75, 0.0, 1

I0.0, !.75, 1.7, 2 breakocint

10.0, 3.0. 3.6875, 1
10.0. 24.0, 12.6275.

10.0, 44.25, 42.0, 1

10.0, 44.75, 45,6875, 2 breakoint
10.0, 45.375, 52.3125, 3 last point of station

11.8, 0.5, 21.625, 1

11.8, 18.0, 30.6875, 1

11.8, 33.0, 42.0, 1
11.8, 35.9375, 46.3125, 2 breakpoint

11.8, 37,3625, 52.97611, 3 last point of station

13.417, 0.0, 47.9375, 1

13.417, 9.625., 54.5, 4 last point of ship

SHCP is selected by typing 'SHCP' at the SCADS prompt ,--}'.

The SHCP program contains four sections:

-Hydrostatic properties

-Curves of form

-Floodable length
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-Curves of statical stability

Upon initial selection of SHCP, the user will be asked to enter:

-Input file name (file with offsets data)

-Output file name

-Ship name
-Serial number ifor user's records only,

-Execution date

The program then reads in the file of offsets and performs a second-order

interpolation to provide data points for use with tte Simpson's 1-4-1

integrat:cn for volume and area calculations for the hvorostatic properties.
The user is then asked whether these interpolated points should be included in

the cutput file. The user is now asked for these aaditional data items:

-Length between perpendiculars 'decimal feet)

-Station spacinq (decimal feet)

-Naximus haif-beamwidth (decimal feet.

-Design input tape:

l--Desigq draft and trim

E--1asien displacement an. !rim

3--'esign dspacement 2n LCG

- ata matcira tnis colce (decimal vaiues;

-sater censltv

The user is now asked which of the three remaining portions of SHCP should

be execute,. Upon comoletion of each selecteo sectizn, tne user is aiiowed to

select another section tor the same one) or is ailoweo to exit the proarao.

tiitt CURVES OF F F)M ****

This section calculateE data for reouestec waterlires ana trims. if rone

oi the reousstea waterlines is within .6Ol feet of :e desion oaterilne, it is

added to t~e list of waterlines or which caicula-ions Are certormei. The

following prczerties are c6lculatel.

-Displa:Fment

-Prismatic coefficient
-Waterplane coefficient
-Transverse waterplane inertia coefficient

-Longitudinal metacentric radius
-Transverse metacentric radius

-Height of longitudinal metacenter above basel~ne
-Height of transverse metacenter above baseline

-Tons per inch immersion
-Change in displacement per foot of trim aft
-Moment to trim one inch

Inputs:

-Maximum draft for calculations (decimal feet)
-Draft increment for calculations (decimal feet)

-Number of different trims (integer)

-Trims (+ by stern) separated by commas (decimal feet)

7 0
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The user is now allowed to select another section of SHCP to execute or to

exit.

it*** FLOODABLE LEN6TH it#**

Flooaable length determines the lengths of shell-to-shell comaartments of

specified Permeabilities that, when flooded. will cause the ship t' rettle to
the waterline tangent to the margin line. For these calculations. "-e margin
line is assumed to be 3 inches Delow tne uppermost point on each sttion
described in the offset table. The aaded weiaht method is useo to -;iulate

floodable lengths.

Inputs:
-Number of permeabilities finteoer - 7 maximum)

-These permeabilities, separated by commas (decxmal(

The user in now asked to select another section to execute or t: er-o.

t***. CURVES OF STATICAL STABILITY f.*f.

This porticn of SHCP calculates turves of staticai stanilt: -

differenr eel angies. Jo to seven sets of initiai conoit:ons are -°:ttex.
These i nitial conditions may be in the form of either dispiacesents 7 LC's,

disolacements and trims or drafts and trims. For each InDt :o0oin tlon. tte
ship is talanced at each heel angle to obtain draft and trim which : r; the

required volume and LCS.

irputs:
-Fcrmat for data entry

l--Disolacements and LCC's

2--Displacements and T-ims

3--Drafts and Trims
-Number of ttese data sets for whih calcuiaticons ae
desired (inteaer, 7 maximum)

-Data for selected format (decimal valuesl

-Maximum heel angle (decimal degreesi

The user in now asked to select execution of another section or to exit.

Upon exit, the user may choose to run another portion of SCADS or to exit the

system.
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GRAPHICS SHIPS HULL CHARACTISTICS PROGRAII

ON-LINE HELP DOCUMENTATION
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HfHI*t**I*I*HHC*Itf tH**ICtiftt t *#t**tHHtttf

* GRAPHIC SHIPS HULL CHARACTERISTICS PROGRAM *
* I

BASED ON SHCP

* DEVELOPED BY NAVSEA

I GRAPHICS FEATURES INCORPORATED BY

* U.H. ROWLEY

* 1983

The Graphic Ships Hull Characteristics Program (GSHCP) is a

modified version of the Ships Hull Characteristics Progras (SHCP)

develooed by NAVSEA. ThiE version incorporates grapnical routines
whicn allow displavirq ot the output generated by SHCP in a graphical

;-i'e*. -,e crachic svstem utilized in development of GShCP consists

cf !e ELOX rore ,raphics svstem with BLOX GRAPHICS BUILDER, cevelooed
ty PJEEL SCFTOARE of Cambridge, MA.

7wc output devices are ccrrentlv available for dsciayinr the
gra.:r:, associatea with GSIP. These are the VT-IUO termnal and the

Visua1-55 terminal. Uoon initial program entry, the user wl1 be
aske3 to desicnate wnict terminal is beino usea.

OSHCP has the cavaoilitv of HAROCOPY output. Upon hardcopy

reocEst, a nardctv i-te, BBFIL.DAT, is created in tw3 versions. The
prcrEzure ior plottina tnese files is as follows:

i--Type tte command

BGBPLT KC F:L ;4GEN

This will create an image file called IMFILE.LAT

2--Rename the most recent version In) of DGBFIL.DAT by typing

the command

RENAME BGBFIL.DAT;n NEWNAME.DAT

By renaming this file, the next lower version number
of BGBFIL.DAT is made available for processing and the

original file is saved as NEWNAME.DAT

3--Now plot the image file by typing

PRINT/QUE=IMAGEN IMFILE.DAT;a

Where (a) is the version number of the image file.

This will plot the image on the Imagen Laser Plotter.

7 -7
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Since most of the data utilized by SHCP is in the fore of
'offsets', a separate file of this data must be created. Instructions

for creating the offset file are provided below. Additional data
required for initializing ESHCP is entered interactively by the user

at the terminal while the program is running. After generation of the
first graphical display, further data input and system control is

performeo by using the arrow keys anoior cata tablet, depending on the

terminai being used. Descriptions of the different portions of 5HCP

are proviaed beiow.

The offsets which define the hull form are actually a collection

of pints, each having X,Y and Z coordinates. The points are entered

by station rumber iX-coordinate) measured from the forward

perpendicular, horizontal measure in feet (Y-coordinate) measured from
the centerlzne, and vertical measure in feet (Z-coordinate) measured
from the base line. In addition, a fourth number (control number) is

required co i dicate to the computer what type of point this point is.

The offsets arp entered as decimal values seearatea by commas. The

control mnrDer is entrre5 as an irtexer. Only ore point is entered on

each cata ine. Lontrol numsers and their meanings are listed beicw.

- Crdinary offset data oirt

S- r co:nt cr point of saro huil curvature chance

:ct data ;opnt or a staton

4 - ast data poirt for the entire shio

A typical data line would te

'tis Acui: te rrarsiated as

- stE*:on nucter
*'.iZ - +set "rn centerl;ne

. et aoove tre taseline

* - control nuaier I ordinary lata point)

All points for each station are entered before movinq to the next

station and the points for each station are entered starting at the
keel and working to the deck edge. The following rules apply to

station selection.

a. A minimum of three and a maximum of forty-one stations can be

specified.

b. The total number of stations must be odd; each station must have a

non-zero sectional area when totally immersed.

c. The sequence of stations submitted must be from the bow aft. The

tip of the bow and the stern should be included to define overall ship

length (LOA). Stations forward of the FP are entered with negative

station numbers.
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d. The minimum station must have a half-breadth of at least .01 feet,

and an incremental height of at least .01 feet.

e. Regions of rapid change in station size or shape require many

closely spaced stations (e.g. half and or quarter stations should be
submitted near the bow and or stern).

f. Longitudinal breakpoints (end of raised forecastle, end of skea,
etc.) are reoresentea by three very closely spaced stations which must

be odd-even-odd in the sequence of stations submitted. Do not confuse

a station's positiin in the input sequence with its station number.

g. Only three stations in the odd-even-odd sequence need be specified

for the parallel mid body.

The following rules must be observed for points on each station.

a. A minimum of two points and a maximum of twenty nine points per
station can be processed. Since the proQram performs a second order

interpolaton fit of unequally spaced points, these must be considered

as part of the maximum when building tne input file. If no additional

points are desired to be acded by t e program, the input file must
have equally spacec points at each stat:on. The spacino however does

not have to oe the same for each station since they are computed

,ndividuailv.

b. The points at each station must be submitted in ascending order oy

height. Hulls with tunnel sterns and convex bottoms cannot be
processed directlv, because all points below the highest point of the

convex surface are ignoreo.

c. Oniv two horizontal lines are permitted on a station: one from the
vertical centerlire of the ship to the first point; and one from the

last point on the station back to the centerline. Therefore, first or
last points on the centeriine must not oe soeciieo whenever a

horizontai line would connect them with an adjacent point. if the

slope of a straight line connecting two adjacent points is less than

or equal to 0.002 either the first or the second point will be

ignored.

d. Regions of rapid change in curvature (e.g. the turn of the bilge)
require many closely spaced points.

e. Points of abrupt changes in curvature (e.g. edge of the keel,

knuckles,etc.) must be identified as vertical breakpoints. The maximum

number of breakpoints permissible per station is six.

A typical data file is illustrated below.

-0.5. .875, 78.0, 1

-0.5, .875, 78.75, 3 last point of station
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0.0, .875, 24.0, 1
0.0, 5.625, 36.0, I
0.0, 11.375, 60.0, 1
0.0, 13.25, 76.625, 3 last point of station
2.0, 1.75, 0.0, 1
2.0, 1.75, 1.9, 2 breakpoint
2.0, 6.0, 4.31, 1
2.0, 28.375, 24.0, 1
2.0, 39.875, 68.375, 3 last point of station
5.0, 1.75, 0.0, 1
5.0, 1.75, 1.7, 2 breakpoint
5.0, 18.0, 5.75, 1
5.0, 46.625, 30.0, 1
5.0, 47.75, 48.0, I
5.0, 47.8125, 54.0, 2 breakpoint
5.0, 47.8125, 58.75, 3 last point of station
10.0, 1.75, 0.0, 1
10.0, 1.75, 1.7. 2 breakpoint
10.0, 3.0, 3.6875, 1
10.0, 24.0, 15.6875,
10.0, 44.25, 42.0, 1
10.0, 44.75, 45.6875. 2 breakpoint
10.0, 45.75, 52 .. 15, last point of station
11.8, 0.5, 21.625. 1
11.8, !8.9. 30.6875, 1
11.8, 33.0, 42.0, 1
11.8, 35.9'75, 46.312, 2 breakpoint
11.8, 37.3625, 52.9762. 3 last point of station
13.417, 0.0, 47,9375, I
13.417, 9.625., 54.5, 4 last point of ship

GSHCP is selected by typing 'SSHCF' at the SCADS crtmot

The SSHCP proqram c.'rrently has two sect;ons coeratinal:
-Hydrostatic prcoerties

-Curves of form

Upon initial selection of 6SHCP, the user will be asked to enter:
-Input file name (file with offsets data)

-Output file name
-Ship name
-Serial number (for user's records only)
-Execution date

a.... HYDROSTATIC PROPERTIES *4*4

The program now reads in the file of offsets and performs a

second-order interpolation to provide data points for use with the
Simpson's 1-4-I integration for volume and area calculations for the
hydrostatic properties. The user is then asked whether these
interpolated points should be included in the output file. The user
is now asked for thise additional data items:
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-Length between perpendiculars (decimal feet)

-Station spacing (decimal feet)
-Maximum half-beamwidth (decimal feet)

-Design input type:

l--De5ign draft and trim

'--Design displacement and trim
3--Design displacement and LC6

-Data matcininq this choice (decimal values)
-Water density

At this point, GSHCP enters its graonical mode and further system

Seraction is via either the arrow keys or via the data tablet. The

jer selects the portions of 6SHCP he wishes to view or enters data
amoi ications via the key-pad shown on the screen.

The initial graphical screen displayed offers the user six

.cricns for system oper~tion. These options are:

)--F FSET 31 PI LN - Displa-s toov PIan consistino of

points that %ere input and interpciateo by ESHCP.
This merelv connects these roints and joes no 4airinq.

:--SPL!NED BOi, -L.N - -Jses a cubic spllne to attemat a

fairno -. tne i.D:t nttcet count. Eives a ro;n

apprclmaticn of the fairness of the points.

Note that this routioe will .ot handle a maior

discontinuity such as a brearooint.

3--lS0METEIC 7IEW - D:savx a three dimensional veo

of ,tisec cata points as entered and interooiatec.

4--VOLUME FqOPEETIE5 - oDisiavs volumetric prooerties
of the 'uil. These crczert:es are also

a tmat!iv *r::- to the cutout data f:ie.

s--CURVES F Fj,, - Cvcles to a new scrcen that "as

a menu for available curves and prompts for
input. The options are described below in the
CURVES OF FORM section,

6--EXIT - Stops program execution and returns the user

to the SCADS prompt.

'**4# CURVES OF FORM *4*.

This section calculates data for requested waterlines and trims.

If none of the requested waterlines is within .001 feet of the design
waterline, it is added to the list of waterlines for which

calculations are performed. The following properties are calculated.

The actuation of CURVES OF FORM will result in a prompt for
"Desired maximum draft waterline (in decimal feet)' to be placed on
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the graphs and 'Desired trim (decimal feet + by the stern)'. These

are input using the arrow keys or data tablet by selectino values from
the keypad on the lower right of the screen. Selections are displayed
in the area directly above the keypad and corrections may be made

using the 'delete" indicator on the keypad. The maximum draft
waterline acceptable is 50.0 feet, however, the maximum cannot exceed

the deck edce c; the ship, After the information is accepted, the

user will be .-oted when calculations are completed and a curve may
be selected. he curves available for selection are listed in the
upper 'iqht ::e of the screen. Upon selection of one of these
curves, it wil: te disnlayed on the screen complete with annctaticns.

As ecn curve . selected, the last one will be erasea. Curves

avaxlatie ire:

- DFn-icement
- Waterciane area
- LCP'LLF

- ooenl to trim one inrh

- . .. siacement :er fzot of trim aft

- -rtic ccetf:cient/wate,;!ane ccet+ic:ent

- b"L T'

TP e - u :*eas *aicalx c n " tt-m ct tve -:reen are

listed beica:

- NEW T;11 LINE - Prcmpts ior -ew desirea trio fdec:mal

','et + tv the ster! ind rpcalc,1ates curves isor
!s ew trim.

- r- A - rooxct- -jew miium 'ratt anc r~Em
I fcr curvEs GIo recaic- Iates c~ta.

-- reates cutLt " i,-c, v e icr c-

'~rnit~v b i *eo4ec.

- OUTPUT FILE - Writes an outout file for all curves for

*te civen trim ir two foot intervals up to the
oaximum draft waterline requested.

- RETURN - Returns to the initial screen.

For more information concerning program execution and the

calculation methods used by GSHCP, consult the GSHCP users guide.
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APPENDIX F

BALES SEAKEEPING PROGRAM

ON-LINE HELP DOCUMENT
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BALES SEAKEEPING PROGRAM

DEVELOPED AT
M.I.T.
BY

ROBIN. L. HIDDEMEN
1983

This proqraa, based on work done by Nathan Bales. calculates
the relative seakeeping performance of a defined ship hullform.

This performance criteria, known as Bales Seakeeping Ranx
Estimator, R, is based on the followino equation.

R = 8.42 + 45,1 * CWPF t 10.1 * CWPA - 37.8 * (T/L)

+ 1.217 * lL) - I3. *CVPF - 15.9 # CVPA

here:
CiPF waterplane coef;czent forward Cf mds :cs
CWPA waterplane coefficient alt of midpzncs
T =raft

L length tetween oercenliciars
C z cjtL0 poin:, distance aft C; the torwar

;erpero-cvlar where the heel rises
'VPP = vertical prispat-c coeificient forward
,'PA = vertical prismatic coefficient aft

Ba!es ank Estimator can nave values between 0 and !0, wit indicating
the test seakveoino periormance.

1i adait:I to calculation of R-iact2-, the icilGwi-
vales are also ralcuated:

- Sectional areas for inDut stations
- :iterr:lated values tir 2I evenly sPa:ed stations;

- staticn numer

- distance aft of the forwaro perpendicular

- disign waterline offset
- sectional area

- Area of the waterplane forward/aft of midships
- Waterplane coefficient formard/aft of midships
- Displaced volume forward/aft of midships
- Vertical prismatic coefficient forward/aft of midships
- Cutup point

Additionally, if R is not satisfactory, the program will give
recommendations for further improvements on the seakeeping
characteristics of the hull.

INPUTS REQUIRED:

Ship name (up to 32 characters)
Serial number (4 digits, for record keeping onlyl
Length between perpendiculars (decimal feet)
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Maximum half-beaimidth (decimal feet)

Design draft (decimal feet)
Filename of input data file containing ship offsets

example: INFILE.DAT

Filename of file for output data

example: OUTFILE.DAT

The input data file contains the ship's offsets in the form of
XYZ coordinates of data points which define the hullform. The points

eitered by station number (X-coordinate) measured from tne torward
perpendicular, horizontal measure in feet (Y-coordinate) measured
from the centerline, and vertical measure in feet ,Z-roor-ite

measured from the baseline. In addition, a fourth number control

number) is required to indicate to the orogram what tv'e ct point

this is. The offsets :e entered as decimal values separated by
commas. The control number is entered as in integer. :nly one

point is entered on each data line. Control numbers and their meaninas

are listed below.

I - Ordinary offset data point

2 - Breakpoint or point of sharp hull curvature cnange
: - Last data point for a station

4 - Last data point for the entire ship

A typical data line woula be

6.75,10.625,22.0, J

This would be translated as

6.75 - station number

10.b25 - feet from centerline

22.0 - feet above baseline

I - control number, I = ordinary data voint

all points for each station are entered befcre -o.i- P "
next station and the points for each station are enterEo 5tartnri

at the keel and working to the deck edge. Points for the keel
and deck edge must be included. Although stations are not reouired
to be evenly spaced, an odd number of stations is required. Each
station must have at least 2 but not more than 29 data points.

Stations forward of the Forward Perpendicular may be entered using
negative station numbers. A typical data file is illustrated below.

-0.5, .875, 78.0, 1

-0.5, .875, 78.75, 3 last point of station

0.0, .875, 24.0, 1

0.0, 5.625, 36.0, 1

0.0, 11.375, 60.0, 1
0.0, 13.25, 76.625, 3 last point of station

2.0, 1.75, 0.0, 1
2.0, 1.75, 1.9, 2 breakpoint

2.0, 6.0, 4.31, 1
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2.0, 28.375, 24.0, 1
2.0, 39.875, 68.375, 3 last point ot station
5.0, 1.75, 0.0, 1
5.0, 1.75, 1.7, 2 breakpoint
5.0, 18.0, 5.75, 1
.0, 46.6. 30.0, 1
5.0, 47.75, 48.0, 1
5.0, 47.8, 54.0, 2 breakpoint
t.0, 47.825, '8.75, 4 last point of ship

NOTE: The olank spaces are included for readability
only ano are not required.

Additional information concerning input data requirements may be fnund
in the Ships Hull Characteristics Program (SHCF) User's 6uide.

Li
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APPENDIX G

SAMPLE SCADS SESSION

NOTE: Document files which would be displayed during an
actual SCADS session have been edited out of this
listing for brevity and are listed in Appendices
A- F.
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S SCADS

. +

+ M.I.T. +
+ .

+ SHIPS COMPUTER AIDED DESIGN SYSTEM +
+ 4.

VERSION 1.00 +
+ +

+ EERNIE W. JOHNSON +
+ +

+ APRIL 1984 +

Weicte to the SHIFS COMPUTER AIDED DESIHN SYSTEM

#******** The KC ' welcome'sistem status messaqe flI

*****f owuld rormailv be seen here

' O wZ =A, A REVIEW OF COMMAND FPOCEDURES (YIN)

SH PS .FfUTER .ifED 2ESIGN SYSTEM

**ftt* * The SCA"LS on-line help Jocumentation ******

woula normally tp seen here ** **#t.

Enter a S commanc rr :DESIGN' to view optiors.

-- : :__:N ALES

EALES SEAfEEP'NG PGRAM

*mmw,, The on-line help documentation for the Bales limilim
i***, Seaeeping Program would normally be seen here *eiiiiii

DISIGN

Unrecognized command. Please reenter.

DESIGN BOLES

Unrecognized command. Please reenter.
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SHCP

................................

+ 4-

+ SHIPS HULL COMPUTER PROGRAM +
4

.....+......+.+......+ ..+++ ,.

ENTER NAME OF INPUT DATA FILE

GAILDATA.DAT

ENTER NAME OF OUTPUT DATA FILE

OUTPUT.DAT

INPUT: Ship Name (up to 32 characters)

S.S. SUSAN GAIL

INPUT: Four digit serial number for run

1001

INPUT: Date of run (MM-DD-YY)

05-09-B4

INDICATE OFFSETS DESIRED IN OUTPUT

O--Original and interpolated offsets

1--Oriqonai offsets only
2--Interpolated offsets only
3--No offsets in output desired

3

ENTER: Length between
perpendiculars (decimal feet)

300.0

ENTER: Station spacing (decimal feet)

24.0

ENTER: Maximum beam-halfwidth (decimal feet)

48.0
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For design input you must enter either:

I--Design draft and trim
2--Design displacement and trim
3--Design displacement and LC6

ENTER:Your choice.

ENTER: Design draft (decimal feet)

36.0

ENTER: Design trim (h by stern) (decimal feet)

0.0

ENTER: Water density (decimal cu-ft/ton)

35.0

What portion of SHCP wouid you like to run?

1--Curves of Form.

2--Floodable Length.
3--Curves af Statical sOtailty.

4--Exit

INPUT: your choice.

ENTER: Vuwber of different cermeabilities
Sinteqer, 7 *axaum)

ENTER: I permeabilities separated
by commas (decimal)

0.85

Floodable Length Completed

What portion of SHCP would you like to run?

I--Curves of Form.

2--Floodable Length.
3--Curves of Statical Stability.

4--Exit
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INPUT: youir ch~oice.

EXIT
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APPENDIX H

SAMPLE GSHGP GRAPHICAL OUTPUT
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OFFSET B3ODY PLAN

S.S. SUSAN GAIL 1001 05-03-84

a
0 

00

10 OQ s'* m0 / /

Figurei H-1 13f tBdyPa



SPLINED MQDY PLAN

S.S. SUSAN GAIL 1001 06-05-84

'N 
/0.'

/ 
I

l a -- .
/ / 

\ ,13,,. .. 
/- , ;_ I , / / 7 / / .' ,

N,% \ . :,, / '/ // "/

\-. . X :i .,,,/ / / //

/ '

AFT STATIONS FC:-lAIID STA71ONS

HARDCOPY SPLINED BODY PLAIN RETURN

Figure H-2. Splined Body Plan

Figure



ISOMETRrC 3-D VIEW

S.S. SUSAN GAIL to01 06-03-84

A

HARDCOPY RETURN ------- I
Figure H-3. Isometric 3-D View



DISPLACE.M[NT CURVE CURVES AV.AIL

S.S. SUSAN GAIL 1001

TRIM = 0.00 DISPLACD .T

WPLANE AiAA

LC3/LC?:/ T
41T1

,/ 
'

a / + D LTA D ! 17 P

/

C

11/ /1 
2

' 
3

4

2 4 8 a 1 12 14 16 is -0 7 9DISPLACE.VENT (LONG TONS) x1O00

NEW TRIM LINE HARDCr':?Y RETURN 0 ENT

NEW PAX DRAFT OUTPUT FILE~DELETE

Figure H-4. Displacement Curve
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WATERPLANE A CURVE CLIVES AVAIL

S.S. SUSAN GAIL 1001

TRIM 0.00

VTLAN;E AREA

44-

I  M/T 1

D-LTA DISP

C?/CW
D I

( FTA E) /

i /II
N / I 1 2I /i

4 I
/

E9 
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LONG. CENTER BOUYANCY/FLOTATION CLM.VES AVAIL

S.S. SUSAN GAIL 1001

TflIM = 0.00

NL ANE AREA
4 I I

LC3/LCF

\0 
TPI/KB

MT1

DELTA D:SP

"RAF7 ]1

4 8 10 12 7 8

LC3/LCF C+FT F"AD FM MID) %I

NEW TRIM LINE HARrCOPY RETURN
0 ENT

NEW MAX DRAFT OUTUT FILE

Figure H-6. Longitudinal Center of Buoyancy/

Longitudinal Center of Flotation
Curves
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TPI and KB curves CITIV-S AVAIL

S.S. SUSAN GAIL 1001

TRIM 0.00 DIPLA2'NT

WPLANE AREA

/ I LCB/LCF

41 TPI/KB

1T
3°- / DE-LTA DIS.=

MT

29Q

S/ /

2 32,1
/ TI

ii ,t 1 2 3

KB

r - 4 ,6 8

8 12 18 . 4 30 : 42 48 64 S0 7 8 g
K. (FEET) / T'I x

EW TRIM LINE HARC1 RETJN ENT

-DELETE
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I4CF.NT TO TRIM I INCH CURVESAVII

S.S. SUSAN GAIL icci

TRlIM 0 .00

I WLANE AREA

LCB3/LCF-

Dr-'TA DISP

/? C'
DRAF7

2C.

(F'Lr)

1 2 3

4 5 8

13 25 3) 62 fs 7'4 91 14 1:7 132 7 8 9
YTl (FT-TtNS) %10

NEW TRIM LINE MAROCOPY RETURN
0 ENT

NEW MAX DRAFT CUTIPU71 FILE
-DEL=T

Figure H-B. Moment-to-Trim-One-Inch Curve
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DISP CILANGE-I FT TRIM BY STERN C=IVES AVAIL

S.S. CJSAN GAIL ICO1

TRIM 0.00 DISPLACEMENT

WPLANE AREA
q4 ' ,, ! I I I I I I

LCB3/LCF

TP I1KB

2 ,"DE-'TA DICP

1 2 3

-2 1 . -3 0 3 a 9 12 IS IS821 7 8
.CA ISP (TCNJ,) Il

N F TRIM LIN~E HAROCOPY RE7URN0 T

0.. .I NT

NEW MAX DRAFT CUTPLT FILE

Figure H-9. Displacement Change per Foot Trim

Curve
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PRISMATIC/WPLANE COFICETS CfL;%VZ- AVAIL

TRIM =O.CO DISPLAC21ENJT

W7'LANE AflEA

I LC3/LCF

/ DEL.TA D:S?

{ 1 2 3!
1z?

4.± I 4 .5 6

18 .4 -.32 40 4d td (A 72 83 88 7 8 9 '
CP/Cd x.02.

NEW TRIM LINE HARDCOPY RLETlURN 0aN

7W MAX DRAFT OUTPUT FILE -DLE-r

Figure H-10. Prismatic Coefficient/Waterplane
Coefficient Curves.
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LONGITUDINAL K0/BM CURVES CJ'fVZS AVAIL

S.S. SUSAN GAIL 2001

TRIM = 0.CO DISPLA'E!INT

14'LANE AREA
S! i I I I I

4
LC]/LCF

TPI/KB

M71

32. DELTA DI.SP

DRAFT

ItI
P=/BM _

[1 2 3

9 18 27 38 46 64 83 72 81 90 7 8 9
LONGITDINAL BM/QA (FT) xlCO

NE1 TRIM LINE HARDCCPY RETURN

NEW MAX DRAFT OUTPUT FILE
. DELETE

Figure H-1I. Longitudinal KM/KB Curves
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TRNSERSE K14/BM CURVES CUWES AVAIL

5.5. SUSAN GAIL *:COI

TRIM 0.00 DIS?LAtENT1

4j~ I IWPLANE AREA

LCB/LCF

TPI/KB

HT1

31 DELTA DISP

1 2 3

6 10136 2 25 30 .540 45 0b5 7 a

TRANSVERCE )OA/BM% (FT) xio

WFN TRIM LINE HARDCOPY RETURN0EN

N .Ew MAXK DRAFT OUTPUT FILE DL=

Figure H-12. Transverse KM/BM Curves


